Cell death by pyruvate deficiency in proliferative cultured calvarial osteoblasts.
Cell survival was significantly decreased in primary cultured rat calvarial osteoblasts in vitro at Day 0, 1, and 3 by replacement of the standard culture medium (alpha-modified minimum essential medium; alpha-MEM) with Dulbecco's modified eagle's medium (DMEM). Decreased cell survival was also observed following medium replacement in cultures of murine calvaria-derived osteoblastic cell line MC3T3-E1. Staining with Hoechst33342 revealed apoptotic cells with fragmented or condensed nuclei, while a fraction of the cell culture was stained with propidum iodide, indicating necrosis. Marked increases in DNA binding of both activator protein-1 and nuclear factor-kappaB were found in nuclear extracts of cells following medium replacement. The addition of either pyruvate or cysteine at each concentration found in alpha-MEM almost entirely prevented cell death associated with medium replacement at Day 3. These results suggest that pyruvate and cysteine may be essential factors for cell growth and survival in osteoblast cultures at the proliferative phase.